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Kangaroos form an importunt componenl of the Faunal assemblages of Riversieigh and most
other Australian Cainozoic fossil deposits, Attempts to use fossil kangaroos to determine the
relative ages of Riversleigh sites suggests that overall faunal composition may be i more
uselul guide 1o relative age than presence or absence of particulur species. Marked changes
in kangaroo faunal composition occur between Riversleigh System B and C sites with the
apparent extnction of most balbarine species and rise to dominance hy lophodont
balungamayine species. This change correlates with climatic dectine following mid-Miocene
climanic optima. Approximate age equivalence is suggested between Riversleigh Syste B
sites and faunal zones B + C (Woodburmne et al., 1993) of 1he Etadunna Formation, South
Ausiralin, Riversleigh's System A sites are older. The mwre derived, lophodom
bulungamayines of Riversicigh System C are considered putentiatly ancestral to
piesiomorphic macropodids such as Hadronomas from the Alcoota Formaton. Kanpasoeos
supporl an age span for pre-Plivcene deposits at Riversteigh thal extend from the T
Ohigocene to late middle Miocene and possibly early Jate Miocene. [O] Kaugdraos,
Nigocene, Miocene, Pliocene, Riversleigh.
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Tedford (1967) provided the first descriplion off
kangaroos [rom Riversleigh. Since then the area
has yielded many thousands ol kangaroo lossily
representing at least 32 new species,

Archer (1979) described Wabidarea nanghtan
froon D Site. Flannery et al. (1982) described

Rulungamaya deficata (erecting  the
Bulungamayinac), W. naunglioni,  Bolharoo

gregoriensis from Ryversleigh, B. camfieldensis
tromBullock Creek. Northern Territory (maddle
to Late Miocene) and o siogle specimen of
Balbaroo from Kuangaroo Well, The species of
Bullnroo were placed in a new macropodid
Balburinae, They also described the potoroine
Gumardee pascuali and macropodid Galanarla
tessellara from Riversleigh,

Archer & Flunnery (1985) described the
Riversleigh propleopine Ekalradeta ima, Flan-
ery & Archer (1987a) deseribed Hypsiprynin-
odon bartholomaii and (1987b) Nettougia
moyesii, the only pre-Pliocene representatives of
these genera, Cooke (1992) desenbed the balba-
ine Ganawwmaya with G, acris, G. aedividus and
G. vrnay,

The number of Riversieigh fossit kangaroo
specimens, ranging from isofawed teeth, isolaled
posteraniul elements, naxillary and dentary frag-
ments 1 compiete skalls s alimost overwhelm-
mg. I have concentrited on the more complete

remains available, These indicute a further 21
new species, a number of which are described in
this volumc. Proremnodaon sp. has been recnrded
from the Pliucene Rackham™s Roost Sie and
Maeropus agilis has been recorded from the
Pleistocene Terrace Site (M. Archer pers. cotn.).

This brings the total Riversleigh macropodoid
fauna to 34, including the Potoroinac, Hypsi-
prymnodontinae, Propleopinuc, Bulbarinac.
Bulungamayinae and Macropodinae.

Archer ¢t ul. (1989) recognised more than 100
local faunas from the Riversleigh lossil area, with
ages estimuled to range from Oligocenc-Miocene
to Holocene, (Discoveries since 1989 have raised
that number to more than 150 sites with {aunal
assemblagesy. They grouped the Oligocene-
Miocene sites into three ‘Syslems’ designated
A-C, wilh System A sites regarded as oldest and
System C sites as youngest,

Megirian (1992) treated the entire sequence of
lossiliterous Limestone overlying the Thorntonia
Limestone as comprising the Carl Creck Lime-
stone. He used the *Systems™ of Archer et al.
(19891 in 4 purely biostratigraphic sense and has
later (1994) challenged the use of the System
concept on the grounds that the erminology has
been unsatisfactanly defined and that there is no
precedent or such usage i lithostratigraphic no-
menclitire,
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TABLE 1.
macropodoid species.
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Sites of occurrence and numbers of specimens of each identified pre-Pliocene Riversleigh
QL=Quantum Leap; WH=White Hunter; DU=Dunsinane; COA=Cleft of Ages;

BA=Bitesantennary; DT=Dirk’s Towers; OUT=Qutasite; W W=Wayne’s Wok; BO=Roid; CS=Camel Sputum;
IN=Inabeyance; MM=Mike's Menagerie; UP=Upper; CR=Creaser’s Ramparts; N'sG=Nevilte’s Garden;
LM=Last Minute: FF=Fireside Favourites; H'sH=Henk’s Hollow; TT=Two Trees; DO=Dome; J'sC=Jim’s
Carousel; ENC=Encore; ?=uncertain position within the System sequence of Archer et al. (1989).
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Archeretal, (1989) Archer, Hand and Godthelp
(1991) and Archer et al. {1994) interprctcd the
older Riversleigh local faunas, those from sites in
Systems A-C, as representing rainforest commu-
nities. This interpretation was made on the basis
of characteristics of those faunas such as: high
species diversity; presence of complex feeding
guilds of small, sympatric mammals; high num-
bers of obligate leaf eaters in single local faunas,
indicating high tree species diversity; presence of
high numbers of known rainforest taxa; high
numbers of browsing marsupials but absence of
grazers.

Megirian (1992) disputed the hypothesis of a
rainforest palacohabitat for the older Riversleigh
local faunas on the grounds of his interpretations
of drier, evensemi-arid environmental conditions
prevailing during the genesis of the fossiliferous
limestones. He suggested instead that the high
species diversity evident in the local faunas re-
sulted from a combination of resident rainforest
communities inhabiting rainforest refugia con-
fined to permanent water bodies, and the use of

such permanent water by animals drawn from
more distant, mesically adapted communities,
None of the Pre-Pliocene kangaroos from
Riversleigh exhibit dental adaptation for a graz-
ing habit which might bc expected if they were
drawn from a more arid environment. Regardless
of their palacohabitat, kangaroos have a wide-
spread occurrence and are abundant among the
many local faunas now known from Riversleigh.
They should prove to be important in attempts to
determine relative ages of those assemblages.
This paper presents the results of a prcliminary
attempt to use kangaroo fossils to assess relative
ages of sites within Riversleigh, assess the age of
Riversleigh deposits relative to those of other
Australian Tertiary sites which have yielded
comparable kangaroo fossils, and to correlate
changes apparent within the macropodoid fauna
of Riversleigh with Tertiary climatic and geo-
logic events. As part of that attempt, the Systems
concept of Archer et al. (1989) has been uscd as
an hypothesis which can be tested using the dis-
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tribution of fossil kangaroo species in sites pre-
viously assigned to each of systems A, B and C.

INTER-SYSTEM COMPARISONS AND
OTHER RELATIONSHIPS AT RIVERSLEIGH

Pre-Pliocene Riversleigh sites that have
yicelded identificd macropodoid species, together
with the number of specimens of each, are shown
in Table 1.

Column headings in this Table follow Archer
et al. (1994) who listed sites known to that datc,
indicating those confidently assigned to Systems
A-C, provided indications of possible System
affinities of some sites, and estimated ages of
other sites whose faunal composition differs from
those allocated to these Systems. As indicated in
Table 1 and discussed further below, evidence
drawn from the distribution of kangaroo fossils is
not in complete agreement with ages suggested
by Archer etal. (1994) for some Riversleigh sites.
Site G of Flannery et al. (1982) is included within
System A on this table since it is described by
those authors as lying within the Carl Creck
Limestone.

Late Oligocene (Archer et al., 1995; Myers &
Archer, this volume) System A may have been a
time of ‘icehousc conditions’ with relatively low
temperature, rainfall and biodiversity (Frakes et
al., 1987).

Five macropodoid species have now been iden-
tified in System A sites. Of these, Balbaroo
gregoriensis and Wabularoo naughtoni are
known also from System B and Bulungamaya
delicata occurs in sites in all 3 Systems.
Gumardee pascuali and Galanarla tessellata are
so far known only from System A. Unfortunately
molar tecth preserved in the holotypes of the last
two species are badly worn and/or damaged, re-
ducing their usefulness for biostatigraphic analy-
sis. However, lower molars of Galanarla
tessellata exhibit a well-developed posterior
cingulid linked to a postentocristid, a feature typ-
ical of balbarines (see Cooke this volume), but
not present among bulungamayines.

G. ressellata is here assigned to the Balbarinae.
As noted by Flannery et al. (1982), Gumardee
pascuali is of comparable size to Wabularoo
naughtoni, a common variahle species within
Riversleigh's Systems A and B. G. pascuali is
considered to fall within the range of variation
observed among specimens of W. naughtoni.

Nambaroo, Wurnuroo (Cooke, this volume) and
Ganawamaya, Balbaroo sp.2, Nowidgee matrix
(Cooke, this volume) and Ganguroo bilamina

(Cooke, this volume) all oceur in System B, but
not in System A or C. These taxa in newly dis-
covered sites of unknown relative age may there-
fore be suggestive of an age comparahle to other
System B sites. Occurrence of B. delicata in all
three systems and of W. naugltoni and B.
gregoriensis in Systems A and B suggests that
caution is indicated before declaring any of the
above taxa, so far found only in System B, as
definitive indicators of that System. Balbaroo
gregoriensis, for instance, is more derived in
molar morphology than any Nambaroo and it
seems likely that representatives of the latter
plesiomorphic balbarine and perhaps of others,
such as Wururoo and Ganawamaya, may also
ultimately he found in System A. If System B
sites are correctly interpreted as early Miocene in
age (Archer et al., 1994, 1995), remains found in
those siles may have accumulated during ‘green-
house conditions” with high temperatures, rain-
fall and biodiversity (Frakes et al., 1987).

The macropodoid fauna of System C is more
distinctive than those of Systems A and B, con-
taining representatives of 5 subfamilies: 4 species
of Bulungamayinae and 1 each of Hypsiprymno-
dontinae, Potoroinae, Propleopinae and
Balbarinae. Of the 8 macropodoid speeics known
from System C, Bulungamayadelicata isthe only
one occuring inother Systems. Of the rcmainder,
Wan (which includes the ‘Gag Site macropodine’
of Flannery, 1989) and Ganguroo sp.2 arc among
the most highly derived bulungamayines and
Balbaroo sp.4 is more derived in molar morphol-
ogy than any other known balbarine species.
Presence of these species in particular in any
given site may suggest but not define an age
comparable to, or perhaps younger than that of
System C sites. Archer et al. (1994, 1995) sug-
gested that System C is middle Miocene. If this
is so, this interval was also characterised by
‘greenhouse conditions’ (Frakes et al., 1987).

Overall macropodid launal composition, rather
than prescnce of particular species, may provide
amore reliahle guide in assessing relative ages of
Riversleigh sites. If Galanarla tessellata is ac-
cepted as a balbarine and Gumardee pascuali as
a bulungamayine, these subfamilies are repre-
sented in System A by 5 species, roughly equally
divided among between the two: 3 hulunga-
mayines versus 2 balbarines, with 7 identificd
specimens from each subfamily. System A de-
posits may thus be characterised by roughly cqual
diversity and ahundance of balbarine and
bulungamayine species.
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gested these newly upthrust mountains could
have created a ‘rain shadow’ effeet aeross north-
ern Australia which may have been one of the
most important factors causing the dceline of
central and northern Ausiralian rainforests. The
climatic decline following the early middle
Miocene climatic optimum coineides well with
the carly middle Miocene estimate of Archer et
al. (1994, 1995) for the System B/C houndary. It
is thercfore likely that the decline in macropodoid
diversity ai the Sysiem B/C boundary is a reflec-
tion of the combined effects of the geological and
climatic phenomena outlined above.

A number of Riversleigh sites are of uncertain
stratigraphic relationship. The local biostrati-
graphic implications of the macropodoid taxa
which have heen found in some of these arc
discussed below.

The low stratigraphic position of White Hunter
Site and its unusual faunal assemblage make it
uncertain whether it helongs to System A or B.
Of its 7 identified macropodid taxa found, 5 arc
unique 10 the site and, of themselves, do litule to
settle the question eithcr way. Of the remainder.,
the plesiomorphic halbarine, Nambaroo sp.8, is
found elsewhere only at Dunsinane Site whose
relative age 1s also uncertain (hut see Arena, this
volume). Nowidgee marrix, is found only within
System B at sites in both lower and higher levels
of the sequencc. The occurrence of this species
and the overall composition of the macropodoid
fauna of White Hunter Site — dominated hy
plesiomorphic balbarines with 2 plesiomorphic
bulungamayines, suggcests that the site is possibly
a basal member of the System B scquence. The 2
species of Nambaroo found in this site are ex-
tremely plesiomorphic balbarines (Cooke, this
volume) and the species of Nowidgee found there
are similarly plesiomorphie bulungamayines
(Cooke, this volume). Occurrence of such
plesiomorphic specics in the one site sugests that
White Hunter may be evenolder, perhaps helong-
ing 10 System A (Creaser, this volume). The latter
interpretation is supported by Myers & Archer
(this volume) who report the occurrence at White
Hunter Site of Kuterintja ngama, an ilariid con-
specific with one in the Mammalon Hill Local
Fauna of central Australia that is dated as 24myo
(late Oligocene) by magnetostratigraphy.

The occurrence of N. sp.8 at Dunsinane Site
complicates rather thanclarifics understanding of
this already enigmatic site in which are preserved
plant material, insects and tossil bone. Dunsinane
occurs in an arca closc to the boundary of the
Tertiary limestone and Precambrian quartzite.
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The oceurrenee of this plesiomorphic balbarine
suggests the site may be equivalent in age to
White Hunter Site, but there are several reasons
for caution, No other vertebrate remains support-
ing this age dctermination have so far been 1den-
titied from this site. All vertebrate remains herc
are fragmented and poorly preserved and may
well have been re-deposited after previous re-
working.

Bitesantennary Site and Dirk’s Towcrs Site are
both intrusive deposits on the D Site Plateau,
regarded as probably cquivalent to Sysiem B
assemhlages (Archer et al., 1994). Only a single
macropodoid, Ganguroo bilamina, has been
identified from Bitesantennary Site. hut this spc-
cies is otherwise known only from System B.
Dirk’s Towers Site has 3 macropodoids, includ-
ing Bulungamaya delicata, known from Systems
A, B and C. Balbaroo gregoriensis is known
from hoth Systems A and B. However,
Nambaroo sp.3, is known only from System B.
On balance, macropodoid faunaof Dirk’s Towers
Site supports a Sysitem B age.

Archer et al. (1994) suggested that the faunal
assemblage of Quantum Leap warrants its likely
inclusion in Systcm A. Only 3 macropodoid spe-
cies are so far known from this site. Bulungamaya
delicara is uninformative since it occurs in all 3
Systems. However, 2 species of Nambaroo are
known from the site, both species otherwise
known from System B sites or those likely to be
of equivalent age, e.g., Dirk’s Towers and
Neville’s Garden Sites. The macropodoid fauna
of this site therefore suggests a closer affinity
with Sysiem B rather than System A.

Neville’s Garden Site is a possible cave oul-
wash deposit considered to be equivalent in age
to System B (Archer et al., 1994). Macropodoids
of this site include the ubiquitous B. delicata, W.
naugltoni and Balbaroo gregoriensis, the latter
two occurring in systems A and B. and 2 species
of Nambaroo known from both upper and lower
levels of System B. The occurrence of the latier
specics and the 1ypical System B composition of
the Nceville’s Garden macropodoid fauna support
a System B age for this site.

Dome Site, Jim’s Carousel Site and Cleft of
Ages Site have all been suggested to be younger
than System C sites (Archer et al.,, 1994).
Gen.Wau. sp.1 (the ‘Gag Site maeropodine’) is
the only macropodoid so far identified from
Dome Site. It is known elsewhere only from Gag
Site in System C and Encore Site of possible late
Miocene age (Archeret al.,1994). Ganguroo sp.2
is the only macropodoid so far known from Jim's
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